Study Objectives: Sleep can affect quality of life (QOL). We examined the association between self-reported sleep time and QOL independent of perceived health status and depressive disorder using the EuroQol-5 Dimension (EQ-5D) and a visual analog scale (VAS). Methods: We used the nationwide cross-sectional survey data of 28,178 subjects from the Korea National Health and Nutrition Examination Survey (KNHANES) IV-V. Self-reported sleep time was assessed by average hours of sleep per day. QOL was measured using the EQ-5D and VAS. A generalized additive model and multiple linear regression analysis were used to estimate the effect of sleep time on the QOL while adjusting for potential confounding variables. Results: We found a signifi cant inverted U-shaped relationship between sleep time and QOL using both the EQ-5D and VAS indices. Compared with subjects who slept 7 h/day, Korean men whose sleep time was very short (≤ 4 h/ day) or very long (≥ 10 h/day) had substantially worse QOL (−3.125 in EQ-5D, p < 0.001 and −4.387 on the VAS, p = 0.000 for ≤ 4 h/day; −1.763 in EQ-5D, p = 0.001 and −1.944 on the VAS for ≥ 10 h/day, all p = 0.038). A similar inverted U-shape was observed between sleep time and QOL in Korean women. Conclusions: Inappropriate sleep time (either short or long) in both men and women was signifi cantly associated with lower QOL. In particular, such an association was more apparent among persons whose perceived health status was poor.
S leep problems have been recognized as one of the most common issues in modern society and are pervasive in developed countries. 1 Organisation for Economic Co-operation and Development (OECD) reported sleep time on an average day in min in 18 OECD countries. That fi gure for Koreans was about 470 min, which was the shortest among the surveyed nations. 2 Common sleep problems include diffi culty initiating sleep, diffi culty maintaining sleep, time in bed, waking after sleep onset, sleep onset latency, sleep quality, time at which one goes to bed in the evening (retiring time), time at which lights are turned out with the intention to sleep (lights-out time), wake time in the morning (awakening time), and time at which one gets out of bed in the morning (arising time), as well as total sleep time. 3, 4 A number of studies have indicated that short and/or long sleep time could be an important indicator of perceived individual health status, 5 and is related to an elevated suicide risk and an increased risk of chronic disease and allcause mortality. [6] [7] [8] Therefore, sleep disturbance may reduce quality of life (QOL) and can affect health outcome, 9 which is defi ned as a person's self-reported satisfaction with his or her life. 10 Preliminary evidence indicates that cross-cultural and ethnic differences exist in both QOL and sleep problems. Insuffi cient
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sleep contributes to decreasing functional status, fatigue, pain, wound healing, immune function, clinical anxiety, and depression. [11] [12] [13] [14] [15] In patients with chronic disease, sleep disruption has been shown to be a chronic problem causing severe distress, resulting in greater QOL defi cit. [16] [17] [18] [19] Similarly, sleep disturbances have been shown to adversely affect the QOL in patients with chronic disease. 20 These results are in line with the assumption that sleep affects QOL. 21 Studies using the EuroQol-5 Dimension (EQ-5D) index, which is often used to measure QOL, have demonstrated lower scores in older individuals compared with younger BRIEF SUMMARY Current Knowledge/Study Rationale: While sleep times are important from the viewpoint of health management, few studies have examined the association between sleep time and health-related quality of life using well-established and commonly used generic instruments and the results have been controversial In this study, we examined the associations between self-reported total sleep times and quality of life independent of perceived health status and depressive disorder. Study Impact: Our study found that there was an inverted U-shape association between sleep time and quality of life suggesting that inappropriate sleep time (either short or long) is related with worse quality of life. In particular, such an association was more apparent among persons whose perceived health status was poor.
individuals, 22, 23 in women than in men, 22 and in individuals with lower socioeconomic status compared with individuals of higher socioeconomic status. 24 However, although a variety of tools to measure QOL have been used in the previous studies, its results have been controversial, 25 and few studies have examined the association between sleep time and QOL using indices such as the EQ-5D and a visual analog scale (VAS), which are well established and commonly used generic instruments for assessing health-related QOL. Therefore, in this study, we examined the associations between self-reported total sleep time and QOL independent of perceived health status and depressive disorder.
METHODS

Study Subjects
The data used in this study were obtained from the Korea National Health and Nutrition Examination Survey (KNHANES), which was conducted by the Korea Ministry of Health and Welfare and the Korea Centers for Disease Control and Prevention (KCDC). The fourth and fifth KNHANES was conducted over 3 y of 2007-2009 and 2010-2012 , respectively. The KNHANES is composed of the Health Interview Survey, the Health Examination Survey, and the Nutrition Survey. The Health Interview Survey was performed using self-administered structured questionnaires to obtain information regarding sociodemographic characteristics, health status, health service use, and health behaviors. Trained interviewers visited each household and assisted the participants with specific items in the self-administered tool. The survey response rate was 71.2-82.8% for 2007-2012. 26, 27 We used the fourth and fifth KNHANES data of adults age 19 y or older. After excluding 12,400 subjects age 18 years or younger and 9,872 subjects with missing information, 28,178 individuals were included in the analysis. All participants in this survey signed an informed consent form. Because KNHANES IV and V include secondary data released to the public for scientific use and do not contain private information, our study did not have to address ethical concerns.
Variables
Independent Variable of Main Interest
Sleep time referred to self-reported data in response to the question, "How many hours do you usually sleep per day?" Responses were categorized into seven groups: ≤ 4, 5, 6, 7, 8, 9, or ≥ 10 h. We considered 7 h as "appropriate sleep" time, ≤ 5 h as "short sleep" and ≥ 9 h as "long sleep"
28 , given the definition by the International Classification fo Sleep Disorder 2 nd edition.
Dependent Variables: QOL Indices
EQ-5D
The EQ-5D is a brief, self-completed instrument for describing and evaluating quality of health states defined by the EQ-5D index. The EQ-5D asks respondents to simply "mark an X on the scale to indicate how your health is today" and then to "write the number you marked on the scale in the box below." The descriptive system comprises five dimensions: (1) mobility, (2) self-care, (3) usual activities, (4) pain/discomfort, and (5) anxiety/depressive mood. Each dimension has five levels: no problem, slight problem, moderate problem, severe problem, and extreme problem. Respondents are asked to indicate their health state by placing a cross in the box close the most appropriate statement for each of the five dimensions. This decision results in a one-digit number expressing the level selected for that dimension. The digits for the five dimensions can be combined into a five-digit number describing the respondent's health state (EuroQol Group, http://www.euroqol.org).
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VAS
The VAS recorded the respondent's self-rated health on a 20-cm vertical scale with endpoints labeled "the best health you can imagine" and "the worst health you can imagine." This information can be used as a quantitative measure of health as judged by the individual respondent.
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Covariates
Socioeconomic and Demographic Factors
Age, household income, residency region, occupation, and marital status were included as sociodemographic factors in the analysis. Equivalized household income was used by dividing the household monthly income by the square root of household size 30 and grouped into four household income quartiles. Education level was categorized into four groups: elementary school or lower, middle school, high school, and college or higher. The residency regions were categorized into urban (administrative divisions of a city: Seoul, Daejeon, Daegu, Busan, Incheon, Kwangju, or Ulsan) or rural (not classified as a city). Occupational status was divided into three categories: white collar (administrative, engineering, scientific, teaching and related occupations, sales and related occupations, service occupation), blue collar (farming, forestry, fishing, and hunting occupations, craft and repair, operators, fabricators, and laborers), and unemployed (including housewife and student). Individuals were classified as married, single, and separated (including widowed, previously married and divorced).
Health Behavior Factors
Health risk and behavior factors such as frequency of alcohol use, smoking status, and number of walking days per week were included as covariates in our analyses. 31 Smoking status was categorized into three groups: current smoker, former smoker, and never smoker. Frequency of alcohol use was further assessed by questioning the participants about their average frequency (days per week or month) of alcohol drinking during the last year. The "number of chronic disease(s)" variables included conditions such as high blood pressure, diabetes, stroke, myocardial infarction, and angina and was operationalized into four different categories depending on how many were present: 0, 1, 2, or > 2. Using the cutoffs suitable for our population according to a previous study, 32 body mass index (BMI) was categorized into three groups: thin or normal (< 18.5 kg/m 2 ); moderate weight (18.5-23.9 kg/m 2 ); overweight (24-26.9 kg/m 2 ); and obese (> 27 kg/m 2 ) adults. In response to the question "Do you have major depression that a doctor diagnosed?", depression was subcategorized as either "yes," "no," or "never sick." The answer "yes" meant that the subject received a diagnosis of depression by a doctor, "no" meant that the subject has been feeling depressed but not received a diagnosis by a doctor, and "never sick" was those who have never been feeling depressed. Perceived physical health status was assessed with the question, "How do you usually perceive your health?" ("very good," "good," "normal," "poor," "very poor").
The responses "very good" and "good" were considered to indicate "good," and "poor" and "very poor" were considered to indicate "poor."
Statistical Analysis
The independent t test and Chi-square test were used for the univariate analysis. Multiple linear regression analysis and a generalized additive model (GAM) were used to analyze whether sleep time was related to QOL and what is the shape of the association while adjusting for potential confounding variables such as demographic factors, perceived health status, and mental disorders.
GAM provides a flexible and effective technique for modeling nonlinear data. 33 Measured data have a discrete distribution, and the discreteness is particularly pronounced for QOL data such as the EQ-5D utilities. 34 Therefore, we determined whether semiparametric modeling of the utility data could check for nonlinearity 34 and used the GAM because it can help diagnose and accommodate nonlinearity. We further examined the subgroup analysis by perceived health status. Statistical Analysis Software version 9.2 (SAS Institute, Cary, NC, USA) was used for the data analysis. Table 1 presents the demographic characteristics of the study subjects. The 28,178 study participants included 10,691 men and 17,487 women. The average EQ-5D score was 96.6 (standard deviation [SD], 10.0), and the average VAS score was 75.8 (SD, 15.9) in men. The mean EQ-5D score was 93.2 (SD, 13.1), and the mean VAS score was 73.0 (SD, 18.8) in women. There were 2.5% of Korean men and 4.8% of Korean women who reported sleep time ≤ 4 h/day, and 2.0% of Korean men and 2.0% of Korean women reported sleep time ≥ 10 h/day. These results suggest that Korean women experienced more inappropriate sleep patterns than did men ( Table 1) . Furthermore, differences associated with other demographic characteristics were observed, including household income level, marital status, occupation, smoking status, alcohol consumption, and BMI. More women than men reported that their perceived health status was poor (64.6% of women and 35.4% of men), and more had received a diagnosis of depression (81.9% of women and 18.1% of men).
RESULTS
When we explored the smoothed nonlinear relationship between sleep time and QOL using GAM, an inverse U-shaped relationship was observed independent of health status, health behavior, and sociodemographic factors (Figure 1) . Tables 2 and 3 present the estimated coefficients from multiple linear regression analyses after adjusting for potential confounding variables. Compared with subjects who slept 7 h/day, Korean men whose sleep time was very short (≤ 4 h/day) or very long (≥ 10 h/day) had significantly worse QOL (−3.125 on EQ-5D and −4.387 on VAS for ≤ 4 h/day; −1.763 on EQ-5D and −1.944 on VAS for ≥ 10 h/day, all p < 0.01) ( Table 2) . Compared with subjects who slept 7 h/day, Korean men whose sleep time was short (5 h/day) had significantly worse QOL (−1.648 on VAS for 5 h/day, p < 0.01) ( Table 2) . QOL was worse for women whose sleep was very short (≤ 4 h/day) compared with those who slept 7 h/day (−3.652 on EQ-5D and −3.535 on VAS, all p < 0.0001), which was similar to that of men. QOL was worse for women whose sleep time was short (5 h/day) compared to that for women who slept 7 h/day (−1.395 on EQ-5D, p < 0.00) ( Table 3 ). Long sleep time was also significantly associated with lower QOL in women (−1.301 on EQ-5D for 10 h/day, p < 0.01) ( Table 3) . QOL in men with poor perceived health status was worse (−6.743 on EQ-5D and −16.735, all p < 0.0001) ( Table 2 ) compared with subjects with good perceived health status. QOL in women with poor perceived health status was worse than that of subjects with good perceived health status (−8.793 on EQ-5D and −18.265, all p < 0.0001) ( Table 3) .
The QOL indices were positive predictive factors of perceived health status in both males and females. Additionally, our pilot study indicated an interactive effect between perceived health status and sleep time. Therefore, we conducted a stratified analysis according to perceived heath status.
Tables 4 and 5 present the subgroup analysis by perceived health status. Among men whose perceived health status was good, sleep time was not related to significantly worse QOL than those who slept for 7 h/day. However, among men whose perceived health status was average, those who slept for less than 4h/day had significantly worse QOL than those who have had sleep 7h/day (−2.596 on EQ-5D, p = 0.008 for ≤ 4 h/day). The effect of too long or too short sleep time was even more apparent among men whose perceived health status was bad (−4.250 on EQ-5D, p = 0.013 and −7.087 on VAS, p = 0.012 for ≤ 4 h/day; −3.711 on EQ-5D for ≥ 10 h/day, p = 0.048) ( Table 4) .
Women who have slept for less than 4 h/day had significantly worse QOL than those who have slept for 7 h/day in women with good perceived health status (−3.609 on EQ-5D, p = 0.021 for ≤ 4 h/day). Women who have slept for less than 4 h/day had significantly worse QOL than those who have slept for 7 h/day in women with average perceived health status (−1.788 on EQ-5D, p = 0.011 and −4.132 on VAS, p = 0.002 for ≤ 4 h/day). Women who have slept for more than 10 h/day had significantly worse QOL than those who have slept for 7 h/day in women with average perceived health status (−1.835 on EQ-5D, p = 0.027 for ≥ 10 h/day). Women who slept for less than 4 h/day had significantly worse QOL than those who slept for 7 h/day with bad perceived health status (−5.169 on EQ-5D, p < 0.0001 and −3.643 on VAS, p = 0.019 for ≤ 4 h/ day) ( Table 5) .
DISCUSSION
Although the tools used to measure QOL in this study are controversial, 25 the EQ-5D is a common tool for measuring QOL, 35 and when the range of quality is measured, a continuous visual change scale (VAS, 0-100 score) is typically used. In this study, we examined whether sleep time was associated with the QOL indices using multiple regression analysis.
According to an international comparative study on the use of time, adult Korean men work an average of 381 min per day, American men work 262 min per day, and German men work an average of 225 min per day. The average working time of adult Korean women is 217 min per day, whereas American women work an average of 179 min per day, and German women work an average of 124 min per day. 31 These findings indicate that Korean adults work longer hours than adults in comparable nations and are therefore more likely to be sleep deprived.
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As our results were consistent with past studies, 38 the QOL indices decreased with age. As perceived health status decreased, the likelihood of inappropriate sleep time (≤ 5 h/day or ≥ 9 h/day), compared with 7 h, increased, and both men and women with poor perceived health status showed significant deterioration in QOL.
Overall, this study is important as QOL was significantly decreased in those with poor sleep times and all domains were affected. Our results indicate that inappropriate sleep time (≤ 5 h/day or ≥ 9 h/day) in both men and women was strongly associated with lower QOL independent of perceived health status and depressive disorder. Given the smooth nonlinear relationship between sleep time and QOL, we used GAM model and the relationship between sleep time and the QOL indices (EQ-5D and VAS scores) showed an inverted U-shaped with a steep slope in both males and females (Figure 1) . In particular, both males and females with poor perceived health status had significantly decreased EQ-5D index and VAS scores with a steep slope ( Table 4 and Table 5 ). This trend had a larger effect on the reduction in QOL when sleep time was associated with increasingly poor sleep habits. Based on this result, poorer perceived health status and sleep time were associated with lower EQ-5D index and VAS scores.
Several studies have explored the association between sleep time and QOL. For example, one study 39 examined 3,834 people age 60 y and older and found that both short and long sleep were associated with poor QOL. In addition, in a study of and race/ethnicity. 40 As subjective sleep sufficiency decreased, symptoms of depression increased, indicating a linear, inverseproportional relationship, 10, 43 and Japanese individuals with sleep time of either < 6 or > 8 h tended to be more depressed than those with a sleep time of 6-8 h. 10 Another sleep study reported that health was optimum with a sleep time of 7-8 h and was poorer for shorter or longer sleep time (U-shaped association). 44 However, some studies have reported sex-specific differences in the presence of a U-shaped association. 32, 45 Still other studies have reported no U-shaped association. 46 Therefore, in the current study, analyses were performed to determine with an inverted U-shaped association existed between sleep time and QOL indices and to identify the mechanism underlying any such association. 43 Both the EQ-5D index and VAS scale showed an inverted U-shaped association, although this trend appeared stronger in males. Thus, ensuring appropriate sleep time appears to be important in improving QOL. Our results suggest that a universal association (inverted U-shaped association) exists between the QOL indices and sleep time independent of perceived health status and depressive disorder.
This study has some limitations. First, because it was a crosssectional study, a causal relationship could not be established between the QOL indices and sleep time. Second, although many sleep problems exist, such as difficulty initiating or maintaining sleep (insomnia) and excessive daytime sleepiness, no objective methods of self-reported sleep time (total sleep time) were employed in this study to investigate the association between inappropriate sleep time and QOL. Third, there may have been recall bias and seasonal variation in the responses during the 5-y period of the study, which could have contributed to information bias. Fourth, although there was no pregnant woman in our data, it is possible that our data included some postpartum women who could not be identified due to lack of information in KNHANES data. Postpartum women are known to have fragmented sleep 47 and results may be different; however, we believe the number of postpartum women would be minimal in our data and would not alter our analysis results. Fifth, we could not control for the potential confounding of anxiety and only considered depression among neurological dysregulation, whereas both anxiety and depression represent the neurological dysregulation that is reflected in sleep quality.
48,49
The strength of this study is that it is the first to assess the relationship of sleep time with the EQ-5D index and VAS score independent of perceived health status and depressive disorder to report the existence of an inverted U-shaped association in Koreans. We also examined the relationship between various health-related factors and the QOL indices using a large, representative Korean sample. Finally, instead of fitting a linear doseresponse relationship between sleep time and QOL indices, by employing GAM to our data, we could investigate the nonlinearity in the association between sleep time and EQ-5D index or VAS scores and succeeded to show the inverted-U shaped association. 50 We suggest that a through longitudinal follow-up study be planned, as it is necessary to measure precise sleep time using objective methods to improve study reliability.
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